Introduction: Benzathine penicillin G is the treatment of choice for syphilis, but doxycycline and tetracycline are effective second-line treatments. The objective of this study was to assess the serological response to treatment for early syphilis with benzathine penicillin compared with doxycycline or tetracycline. Methodology: We examined rapid plasma regain (RPR) serological test results of all first-time early syphilis patients in Peking Union Medical College Hospital between 2000 and 2011, comparing treatment with two doses of penicillin to 14-day course of oral doxycycline (100 mg twice daily) or oral tetracycline (500 mg 4 times a day). Results: Of the 641 early syphilis cases with available treatment outcome data, 606 (94.5%) received penicillin and 35 (5.5%) received doxycycline/tetracycline. More than half (52.1%) had secondary syphilis, 13.4% had primary syphilis, and 34.5% had early latent syphilis. A statistically similar serological treatment success rate (p = 0.157) was observed in penicillin-treated patients 91.4% (554/606), when compared with patients treated with doxycycline/tetracycline 82.9% (29/35). Conclusion: Doxycycline/tetracycline had a similar serological treatment success rate when compared to penicillin in the treatment of early syphilis.
Introduction
Syphilis is a spirochetal infection with multiple manifestations. In recent years, syphilis has reemerged as a significant public health problem in many countries including China. Nationwide surveillance data indicated that the incidence rate of syphilis in China in 1993 was 0.2 cases per 100,000 persons, whereas primary and secondary syphilis alone represented 5.7 cases per 100,000 persons in 2005. The rate of congenital syphilis considerably increased with an average annual rise of 71.9%, from 0.01 cases per 100,000 live births in 1991 to 19.7 cases per 100,000 live births in 2005 [1] . According to nationwide surveillance data, there were 327,433 new cases of syphilis in China in 2009 (24.7 cases per 100,000) [2, 3] .
Controlling syphilis involves the early recognition and adequate treatment of patients with clinical and serological evidence of infection and management of all sexual partners. Benzathine penicillin G has been the treatment of choice for early infectious syphilis (primary, secondary, and early latent syphilis). In the absence of contraindications, doxycycline or tetracycline are second-line treatments considered for patients unable to tolerate penicillin allergies [4] . However, there are limited studies on the use of these second-line agents for early syphilis treatment [5] [6] [7] [8] [9] [10] [11] . We conducted a retrospective cohort study to compare the serological response rates of patients with early syphilis treated with penicillin and patients allergic to penicillin treated with doxycycline/tetracycline.
Despite the challenges in the interpretation of serological test results, change in nontreponemal titers is the most widely used criterion for evaluation of the response to syphilis treatment [12] [13] [14] [15] [16] . Patients with nontreponemal titers that decline 4-fold or more by 6 months following treatment are regarded as having an appropriate serological response, whereas an increase in titer without reinfection is indicative of treatment failure [4] .
Methodology

Study subjects
Demographic, clinical, and laboratory data of 748 patients with syphilis were retrospectively analyzed. Of the 748 early syphilis cases, 385 cases had secondary syphilis, 98 cases had primary syphilis, and 265 cases had early latent syphilis. All syphilitic cases were outpatients who visited the sexually transmitted disease (STD) clinic of Peking Union Medical College Hospital, China, between December 2000 and 2011. All patients were diagnosed with syphilis in different stages according to the national Centers for Disease Control diagnostic standard. According to national guidelines [17] , primary syphilis was defined as a clinically compatible case characterized by one or more chancres and inguinal lymphadenopathy, and laboratory confirmation of Treponema pallidum in clinical specimens by rapid plasma reagin serological test (RPR) and particle agglutination assay for antibody to Treponema pallidum (TPPA), and/or FTAAbs; secondary syphilis was defined as a clinically compatible case characterized by maculopapular rash and, in many cases, lymphadenopathy, and laboratory test confirmation for the primary syphilis; early latent syphilis was defined as an asymptomatic case with a possible history of infection supported by reactive RPR and a reactive treponemal test, and normal cerebrospinal fluid Clinicians from the STD of our Institution ask the patient the possible infection time: when initial infection has occurred within the previous 12 months, latent syphilis is classified as early. The study was approved by the ethics committee of the Peking Union Medical College. One hundred and seven patients were excluded because they were HIV positive, nonreactive RPR test at baseline, they had past episodes of syphilis, inadequate follow-up time to determine serological outcome of treatment (patients lost to follow up within 6 months were excluded).
Laboratory testing
Four ml of blood was collected from each patient during the first time they visited our STD clinic. Then, the blood was transported to the laboratory where trained laboratory personnel performed RPR and TPPA and/or FTA-Abs (Quality control: Syphilis Serology Proficiency Testing Survey, Laboratory Code Number 990077, Centers for Disease Control and Prevention Atlanta, World Health Organization). Each test was performed by laboratory staff on sera according to manufacturer's instructions. The patient's syphilis stage was assessed based on physical examination and on serology results using the criteria described previously.
Treatment
According to national guidelines [17] , patients with early syphilis were treated with two doses of benzathine penicillin, 2.4 million units intramuscular each, separated by one week. Patients allergic to penicillin were treated with doxycycline, 100 mg orally twice a day for 14 days or tetracycline 500 mg orally, 4 times a day for 14 days. As a routine in our STD clinic, after treatment, all the patients were asked to periodically review their clinical symptoms and serum RPR titers every 3 months. The primary outcome was response to therapy, determined on the basis of changes in RPR titers at 6 months after treatment. Serological treatment success was defined as either negative RPR test results or a ≥ 4-fold (2 dilutions) decrease in titer at 6 months. If rapid plasma reagin test titer was 1:2, or 1:1 at baseline, a serofast stable serology (i.e., ± 1 dilution from baseline) at 6 months after treatment initiation was also considered treatment success. Treatment was considered to have failed if none of the above conditions were met, including if the rapid plasma reagin test titer increased from baseline by at least 4-fold between month 1and month 6 [4] .
Data analysis
Pearson's chi-squared test was used to compare differences in categorical variables and Student's t-test for normally distributed continuous variables. Results were considered statistically significant at p <0.05.
Results
Of the 641 early syphilis cases with available treatment outcome data, 606 (94.5%) received penicillin and 35 (5.5%) received doxycycline/tetracycline. Overall, the mean age of the patients in the study cohort was 35 years of age (ranged between15 and 80 years of age), subjects were mostly male (52.6%). More than half (52.1%) had secondary syphilis, 13.4% had primary syphilis, and 34.5% had early latent syphilis. There was a similar distribution of patient characteristics in each treatment group (Table 1) . A statistically similar (p = 0.157) serological treatment success rate was observed in 91.4% (554/606) of penicillin-treated patients when compared with 82.9% (29/35) of patients treated with doxycycline/tetracycline. 
Discussion
Doxycycline is a tetracycline derivative with better oral bioavailability, convenient twice a day dosing, and fewer gastrointestinal side effects. Doxycycline at a dosage of 100 mg every 12 hours is pharmacologically equivalent to tetracycline at 500 mg every 6 hours [18] . The mean inhibitory and bactericidal concentrations against treponemes are similar for tetracycline and doxycycline [19] [20] . The major advantages of Benzathine penicillin treatment are its safety, effectiveness, and the favorable adherence to the weekly dosing schedule of 1 to 3 weeks [21] . Disadvantages of this regimen include the cost, pain associated with intramuscular injection, and the incidence of penicillin allergy in some patients. Several characteristics of doxycycline or tetracycline make them attractive alternatives to penicillin, including their oral route of administration and their pharmacologic and pharmacokinetic properties.
One of the key findings of our study is that serological treatment success (in penicillin treated patients the rate was 91.4% and doxycycline/tetracycline treated patients it was 82.6%) was not as high as in previously published reports. A study by Ghanem et al [8] using a retrospective chart review showed good response to doxycycline among patients with early syphilis from two STD clinics in Baltimore. In that study, serological treatment success was noted among 69 of 73 (94.5%) patients treated with penicillin, while 100% among 34 patients treated with doxycycline. Another study from Canada by Wong et al [5] used a retrospective study to assess the serological response to treatment of primary syphilis with benzathine penicillin compared with doxycycline or tetracycline. In that study, of the total 445 primary syphilis cases with available treatment outcome data, 420 (94.4%) received penicillin and 25 (5.6%) received doxycycline/tetracycline. The serological treatment success rate was 97.4% in the penicillin group (409/420) and 100% in the doxycycline/tetracycline group (25/25), and not significantly different. However, In another example in Tanzania, Riedner et al. used a similar 4-fold decrease in rapid plasma reagin test titer to define serological success and found serological success rates of only approximately 80% with penicillin at 6 months [22] . The broad range of treatment success may be related to variations in formulations and dosing of penicillin, in addition to the different methods adopted by each study. Overall, our data, along with these reports, provide a basis for the use of doxycycline as an alternative therapeutic option in the treatment of early syphilis.
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